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Chapter 1 Equilibria Involving Gaseous Reactants and Products 


1.7 Solving Equilibrium Problems—Type Il 


In this section, techniques will be developed for solving problems where the given 
information is 


Ke The initial concentrations, and A 


2. The value of K. 


Sample At 700 K, carbon monoxide reacts with water to form carbon dioxide and hydrogen: 
Exercise 1.7 
CO(g) + H20(g) 2 Cole) + Ha(g) 


The equilibrium constant for this reaction at 700 K is 5.10. 

Consider an experiment in which 1.00 mol of CO(g) and 1. 00 mol of H2O(g) are 
mixed together in a 1.00 L flask at 700 K. Calculate the concentrations of all species 
at equilibrium. 


Solution 


The first step in solving equilibrium problems is to write the equilibrium expression. 
In this case, 


[CONLE] ; 
K= == = 5.10 
[CO][H20] 
Next write down the initial concentrations: ( 
— 1.00 mol _ 
[CO]. = 10L 1.00 mol/L 
_ 100mol _ 
[H20]o = LOL ` 1.00 mol/L 
[C0O2]o =0 
[Hao = 0 


It is clear that for this system to reach equilibrium it must proceed to the right 
(some CO; and Hz will be formed by consuming some CO and H20). The key 
question is: How much CO, and Ha will form as the system comes to equilibrium? 

To consider this question systematically, use algebraic techniques. As is cus- 
tomary in algebra, assign the symbol x to the unknown quantity. In this problem, 
the amounts of CO, and Hz formed to reach equilibrium are the unknown quanti- 
ties. Let x equal the number of moles per liter of CO, formed to reach equilibrium. 

: If x mol/L of CO» have been formed, how much Hz will be present? Since CO, 
and H: are formed in equal amounts, x mol/L of Hz will be formed. 

How much CO is consumed to form x mol/L of CO; and H? Since all the 
coefficients in the balanced equation are 1, x mol/L of CO are consumed, as well 
as x mol/L of H;O. Thus, at equilibrium, the concentrations of reactants and 
products present are 


Concentration of substance at equilibrium = concentration initially present + change 
[CO] = [CO] — x = 1.00 mol/L — x mol/L 
[120] = [H20]o — x = 1.00 mol/L — x mol/L 
[CO] = [COz]o + x = 0 + x mol/L 
[EL] = [B] + x =0 + x mol/L 
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Pa The ratio of these equilibrium concentrations must give the equilibrium constant: 


y = — [COJE] _ AS = x? 
N E sa [CORO] — (100—=(100—x) (1.00 — 39)? 


Taking the square root of both sides gives 


~_ = V510 = 2.26 
1-x 
x = 2.26 ~ 2.26x 
3.26x = 2.26 


x = 0.69 mol/L 


Thus the equilibrium concentrations are. 
[CO] = x = 0.69 mol/L 
[H2] = x = 0.69 mol/L 


[H20] = 1.00 — x = 0.31 mol/L 
: [CO] = 1.00 — x = 0.31 mol/L 


TEST 1.7 Consider the reaction at 700 X: 


C CO(g) + H20(g) 2 CO2(g) + Ha(g) K= 5.10 


A A Calculate the equilibrium concentrations of all reactants and products in an experiment 
where 3.00 mol of CO(g) and 3.00 mol of H2O(g) are mixed in a 1.00 L flask at 700 K. 


NA ANNAN AE NA NAT rau 


Sample Consider the reaction 
Exercise 1.8 


Ha(g) + Fa(g) 2 2HF(g) 


at a temperature where K = 1.15 X 10°. In an experiment, 3.00 mol of H: and 6.00 
mol of F, are mixed in a 3.00 L container. Calculate the equilibrium concentrations 
of Ho, Fz, and HF. 

Solution 

The equilibrium constant expression is 


{HE} 
= 1.15 X 10? = == — 
a EST 
The initial concentrations are 
3.00 mol 
(Halo = ar = 1.00 mol/L 

6.00 mol 
= Fb = Er = 2,00 mol/L 
~ [HF]o =0 


Now define the change required to reach equilibrium. In this case, since no HE is 
initially present, some H, and F will react to form HF. 
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4 


Let x be the concentration of H: consumed. Using the stoichiometry of the ,-~ 
f 
oo 


reaction, mS 
H2 + F: aa 2HF 
: x mol/L H + x mol/L F: — 2x mol/L HF 
These are the changes in concentration required to reach equilibrium. 
Now write the equilibrium concentrations: 
[Ho] = [Ha]o + change = 1.00 mol/L — x mol/L 
[F2] = [F2]o + change = 2.00 mol/L — x mol/L 
[HF] = [HF]o + change = 0 + 2x mol/L 


To solve for the value of x, substitute these concentrations in the equilibrium 


expression: 
[HF]? (2x)? 
K= 1.15 X 10° 
[ll] (1.00 — x)(2.00 — x) 


Note that this expression cannot be solved by taking the square root of both sides, 
since the denominator is not a perfect square. To solve for x, first multiply out the 


terms: 
2 (2x)? = 4x? 
ae (1.00 — x)(2.00 — x) 2.00 — 3.00x + x? 


(1.15 X 10?)(2.00 — 3.00x + x?) = 4x? 
(2.30 X 10?) — (3.45 X 10°)x + (1.15 X 10°)x? = 4x? ( : 


Subtracting 4x” from both sides and rearranging gives 
(1.11 X 10?)x? — (3.45 X 107)x + (2.30 X 10?) = 0 


This is a quadratic equation, which has the general form 
ax’? + bx +c=0 
The solutions to an equation of this type can be obtained from the formula 
_ —b + vb? — 4ac 
ae ee 
2a 


where a and b are the coefficients of x” and x, respectively, and c is the constant 
in the general equation. In the quadratic equation above, 


a= 1.11 X 10? 
b = —3.45 X 10? 
c=230X10 | 


Thus 


—(-3.45 X 10?) + V(-3.45 X 107)? — (901.11 X 10.30 X 105 
2(1.11 X 10%) 


3.45 X 10? + V1.19 X 10° — 1.02 X 10° 
2.22 X 10° 


3.45 X 10? + 1.30 X 10? 


3.45 X 10? + V1.7 X 10° 
2.22 X 10° 


2.22 X 10° 


AN 
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The two roots are 


_ 3.45 X 10° + 1.30 X 10? 


222x102 2.14 mol/L 
_ 3.45 X 10? — 1.30 X 10° _ 
EISEN 0.968 mol/L 


In this situation, there is only one correct value of x (there is only one equilibrium 
position which results from these initial concentrations). Which value of x is 
correct? 


The correct value can be chosen by looking at the equilibrium concentrations. 
Since 


[H] = 1.00 — x 


the value x = 2.14 gives a negative number for the concentration of Hy. This is 
physically impossible. Therefore, x = 0.968 mol/L must be the correct root, 
Now compute the equilibrium concentrations: 


[Ho] = 1.00 ~ x = 1.00 — 0,968 = 3.2 X 10? mol/L 
[F2] = 2.00 — x = 2.00 — 0.968 = 1.03 mol/L 
[HF] = 2x = 2(0.968) = 1.94 mol/L 


After solving the quadratic equation, it is wise to check the correctness of the 
computed concentrations. This can be done by substituting into the equilibrium 
constant expression: 


WHF _ (1.94)? 
[BF] (38.2 X 10°°)(1.03) 


The given value of K is 115. Thus there is agreement within the error caused by 
round-off, and the calculated concentrations are shown to be correct. 


= 114 


een 


TEST 1.8 Consider the reaction 


Ha(g) + L(g) 2 2H1(g) 


at a temperature where K = 60.0. In an experiment, 1.50 mol of H, and 2.50 mol of 


L are placed in a 1.00 L flask. Calculate the equilibrium concentrations of H,, b, and 
HI. 


mannan a 


Next, problems in which none of the initial concentrations are zero will be con- 


sidered. To solve these problems, „sr 


1. 


Calculate the reaction quotient, Q. 


2. Determine the direction of the shift to equilibrium. 
3! 
4 


- Calculate the equilibrium concentrations. 


Define the change required to reach equilibrium. 


Sampie Consider the reaction 
Exercise 1.9 


2HF(g) 2 Ha(g) + Fo(g) © 
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where K = 1.0 X 10? at some very high temperature. In an experiment, 5.00 mol of an 
HF(g), 0.500 mol of H»(g), and 0.750 mol of. F2(g) are mixed in a 5.00 L flask and C 
allowed to react to equilibrium. 


A. Write the equilibrium constant expression. 


Solution ` r 
Fi s `y 
E E _ a 
-K= = 1.0 X 10 
i [HFP 
B. Calculate the initial concentrations. 
\ Solution 
5.00 mol 
[HF]o = 5001. = 1.00 mol/L 
0.750. mol 
= AAA 0, 1 
[Fro 5.00-L 0.150 mol/L 
0.500 mol 
= >|. L 
(22]o 5.001. 100 mol/ 
C. Calculate Q and determine in which direction the reaction will shift to reach 
equilibrium: 
Solution 


[Ezol] _ (0.150)(0.100) _ 
[HF] (1.00)? 


Q is larger than K. To come to equilibrium, the system must shift to the left (i.e., 5 


Q= = 1.50 X 10° 


the numerator must get smaller and the denominator larger). 


D. Define the change required to reach equilibrium. 
Solution 


Let x be the mol/L of Hz consumed to reach equilibrium. Note that x mol/L of 
F: will also be consumed and that 2x mol/L of HF will be formed. 


| 
| 
| 
1 
| 
| 
j 
i 
i 
| 


E. Define the equilibrium concentrations of all species. 


Solution 


[H2] = [HJo — x = 0.100 — x 
[F] = [Palo — x = 0.150 — x 
[HF] = [HF]o + 2x ="1.00 + 2x 


F. Solve for x and calculate the equilibrium concentrations. 


Solution 
CHAF] _ (0.100 — x)(0.150 — x) 
[HF (1.00 + 2x)? 
Multiplying and collecting terms gives 
0.960x? — 0.290x + 5.00 X 10° = 


1.00 X 10? = 


This is a quadratic equation where 
a = 0.960 


b = —0.290 E ; 
. 


= 5.00 X 10°. 
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Use the quadratic formula to solve for x 


= bE Vb" = 4ac _ ~(-0.290) + VCO — 4(0.960)(5.00 5 10°) 
ES 2a 20.960) — 
Solving for x gives the roots 


Cr, 


x = 0.284 mol/L 
x = 0.018 mol/L 
Since [H2] = 0.100 — x, the root x = 0.284 cannot be correct. Thus 
© æ= 0.018 mol/L 
is the appropriate root, The equilibrium concentrations are 
[H] = [Hz] — x = 0.100 mol/L — 0.018 mol/L = 0.082 mol/L 
[F2] = [F2]o — x = 0.150 mol/L — 0.018 mol/L = 0.132 mol/L 


a [HF] = [EF]o + 2x = 1.00 mol/L + 2(0.018 mol/L) = 1.04 mol/L 


l TEST 1.9 Consider the reaction 


© ` PCIs(8) 2 PCh(g) + Ch(g) K= 5.0 X 10 mol/L at 240°C. 


In an experiment, 0.200 mol of PCls(g), 0.500 mol of PCh(g), 


and 0.300 mol of Ch(g) 
are mixed in a 2.00 L vessel. 


A. Calculate the initial concentrations, 

- Calculate Q using these initial concentrations. 

- Which way does the system adjust to reach equilibrium? 

+ Define the change needed to reach equilibrium in terms of x. 

- Define the equilibrium concentrations in terms of x. 

- Substitute the equilibrium values into the equilibrium expression and solve for x. 
+ Calculate the equilibrium concentrations of PCls(g), PCh(g), and Ch(g). 


Qs ses OO w 


Calculations Involving Pressures 


re a ae , 


Sample Consider the reaction 
Exercise 1.16 


N204(g) 2 2NO2(g) 


at a temperature where K, = 0.131 atm. A flask initially contains N204(8) at 1.000 atm 
pressure. Calculate the pressures of NO2(g) and N2Ox€g) at equilibrium. 


Solution 
E y Note that the usual steps are followed for this exercise but are condensed: 


P = 
MO) 22N048) K, =- = 0.131 
; Prog 
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Initial Pressures Equilibrium Pressures 
Proa = 1.000 atm Let x atm of N20; react to form 2x atm Po, = 1.000 — x ( 
Pro? =0 of NO; to come to equilibrium Po, = 2x 

l Proy (3x)? 

as Biel (ens 
0.131 = K> 


i Px204 (1.000\— x) 
Multiplying and collecting terms gives the quadratic equation 
4x? + 0.131x — 0.131 =0 
where a = 4, b = 0.131, and c = —0.131. Use of the quadratic formula gives 


x = 0,165 atm (and an extraneous root, x = —0.198 atm) 


The equilibrium pressures are 
P204 = 1.000 — x = 0.835 atm 
Pro, = 2x = 2(0.165) = 0.330 atm 


1.8 Le Chätelier’s Principle 


A system will remain at equilibrium unless disturbed in some way. Sirice certain types 
of “disturbances” often occur, it is useful to be able to predict in which direction the 
position of the equilibrium will shift when disturbed. This prediction may be made in 
terms of Le Chätelier’s Principle: 


If a stress is applied to a system at equilibrium, the position of the equilibrium 
shift in the direction which reduces the stress. OD 


Several types of stresses (disturbances) will be considered: 


1. Addition or removal of reactants or products. 


2. Change in pressure by 
(a) Change in volume. 
(b) Addition of an inert gas. 


3. Change in temperature. 


The effects of these stresses are explained in the following exercise, 


Sample A 1.000 L vessel contains N2(g), H2(g), and NHx(g) at equilibrium. The reaction is exo- 
Exercise 1.11 thermic (heat is produced): 


3H2(g) + No(g) 2 2NH;:(8) 


The concentrations are 


[N2] = 0.921 mol/L 
[H2] = 0.763 mol/L 
[NB5] = 0.158 mol/L 
A. Predict the effect on the equilibrium position of adding 1.000 mol of Fb. 


p 
Solution ( 


The stress is the added Ha which, according to Le Chatelier’s Principle, will cause | 
the position of the equilibrium to shift to the right, consuming H and relieving 


F 


A 
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the stress, This effect can be rationalized in terms of the reaction quotient, 
Immediately after addition of Ha, the system is no longer at equilibrium, The con- 
centrations at that point can be considered to be initial concentrations: 
[N2]o = 0.921 mol/L 
[NH] = 0.158 mol/L 
[Hz] = 0.763 mol/L + 1.000 mol/L 
y = NE _ 
[Na}oLHa}o° 


Since [H]o is greater than the concentration of Hə in the system formerly: at 
equilibrium, Q will be smaller than K, and the system will adjust to the right. 

Experimental results confirm this conjecture. The new equilibrium 
concentrations show an increase in [NH] and a decrease in [No]. The details are 
summarized below. 


Equilibrium Position I Equilibrium Position 1] 

[NE] = 0.158 mol/L add [NH] = 0.378 mol/L 
[N2] = 0.921 mol/L sas [N2] = 0.811 mol/L 
[Ha] = 0.763 mol/L [H2] = 1.433 mol/L 


Note that this shows the shift to the right (toward NH). 


. Predict the effect of adding 1.000 mol’of NH3(g) to the system... 


Solution 


The equilibrium position will shift to the left, since the stress is applied to the right 
side of the equation (Q will be larger than K). 


. Predict the effect of suddenly halving the volume (increasing the pressure), 


Solution 


The stress applied is reducing the volume. To relieve this stress, the system will shift 
in a direction that reduces its own volume. This can be done by a shift to the right, 


since the right side of the equation involves fewer molecules of gas and thus lower 
volume. 


. Predict the effect of increasing pressure by adding He(g). Assume ideal behavior 


for all gases. 
Solution 


There will be no effect on the equilibrium position. Ideal gas molecules have 
negligible volumes. Thus the addition of He(g) does not change the Volume, and 
since He is not involved in the reaction, the concentrations of reacting molecules 
are unaffected. The equilibrium position remains unchanged. 


Predict the effect of increasing the temperature. 
Solution 


The equilibrium will shift to the left. 

“This situation is more complicated than those discussed above because the 
value of K changes with temperature. The other disturbances that have been 
considered (addition or removal of reactants or products and change in pressure) 
do not change the value of K. However Le Chätelier’s Principle can be used in this 
case by considering heat to be a reactant or product. The reaction is exothermic, 
which can be shown by treating heat as a product: 


TD + Na(g) z2 2NH;(g) + heat 


The temperature is increased by adding’heat. Le Chätelier’s Principle predicts that 
the equilibrium position will shift to the left, consuming some of the added heat, 


| 
| 
i 
l 
i 
i 
| 
| 
| 
| 
| 
| 
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Note that this shift to the left will decrease [NH3] and increase [H2] and [No] s0 
that K becomes smaller as the temperature is increased. (The opposite effect occurs ( 
for an endothermic reaction, where heat may be considered a reactant.) 


TEST 1.10 Consider the reaction 


2NO2(g) 2 Na(g) + 202(g) 


which is exothermic. A vessel contains NO2(g), Na(g), and O2(g) at equilibrium. Predict 
how each of the following stresses will affect the equilibrium position. 

. NO2{(g) is added. 

. Na(g) is removed. 

. The volume is halved. 

. He(g) is added. 

: The temperature is increased. 


BOnswp 


PP... O EEE 


| e 
EXERCISES ilibri 


1. Give the equilibrium constant expression for each of the following: 
(a) 2Ha(g) + Ox(g) 2 2H20(g) 
(b) SnOs(s) + MO 2 2 Sn(s) + 2H20(g) 
(©) 4NHx(g) + 702(g) — 4NO2(g) + 6H20(g) 


For exercises 2-5, consider the reaction 
PCh(g) + Ch(g) 2 PCk(g) 
2. Write the equilibrium expression. 


3. At a certain temperature, the following equilibrium concentrations were 
‘observed: 


[Ch] = 2.0 X 10? mol/L 
[PCCh] = 3.0 X 10 mol/L 
[PCH] = 6.7 X 10° mol/L 


(a) Calculate the value of K at this temperature. 
(b) Calculate the value of K for the reaction 


PCI (g) 2 PCh(g) + Ch(g) 
at the same temperature. a 


4. Ch(g), PCLO, and PCIs(g) are a at the following concentrations at 
_ the same temperature as in exercise 3: 


[Ch]o = 5.0 X 10* mol/L J 
[PCh]o = 6.3 X 10° mol/L f 
[PCls]o = 3.8 X 10° mol/L 
In which direction will the system shift to reach equilibrium? 


\ 
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5. Ch{g), PCh(g), and PCls(g) are-in a vessel at equilibrium, 


In which 

direction will the position of the equilibrium 

PCh(g) + Ch(g) 2 PCls(g) 
shift if the total pressure is increased by halving the volume? 

$. For the reaction 

2502(8) + Ox(g) 2 280;(g) 
K= 4.00 X 10? L/mol at 750°C. What concentration of SO, must be in 
equilibrium with the concentrations [02] = 2.0 X 197 mol/L and [SO] = 


3.0 mol/L? 
7. The synthesis of ammonia, 


No(g) + 3Ha(g) 2 2NH(g) 


is exothermic. The value of K for this equilibrium at 600 K is 4.] (L/mon?, 
(a) Calculate X, at 600 K. 


(b) Will the value of K be larger or smaller than 4.1 (L/mol)? at 700 K? 
For exercises 8 and 9, consider the reaction 
Hale) + L(g) 2 2HI(g) 


8. H2(g) and In(g) were mixed at 490°C and allowed to reach e 
The following equilibrium concentrations were found: 


[H2] = 2.00 mol/L 
[k] = 2.49 X 10° mol/L 
[HI = 1.50 mol/L 


quilibrium. 


(a) Calculate X. 
(b) Calculate K,. 


9. In another experiment at 490°C, 1.00 mol of H, 5.00 mol of L, and 2,50 
mol of HI were mixed in a 1.00 L vessel. When equilibrium Was reached, 
the concentration of H; was found to be 1.00 X 10° mol/L. Calculate the 
equilibrium concentrations of I, and HI. 


10. Calculate the value of K at 25°C for the reaction 
COx(g) + Hals) 2 CO(g) + 3,007) 
_ if the equilibrium concentrations of CO, = H: = CO = 0.10 M. 
11. Consider the reaction ` 
CaCOs(s) 2 CaO(s) + CO2(g) 


for which X = 8.0 X 10° mol/L at 750°C, 
(a) 1.00 mol of CaCOs{s) is sealed into a 5.0 L flask at 750°C, Calculate 
the equilibrium concentration of CO;(g). 


(>) What fraction (by moles) of the original CaCO;(s) has decomposed? 
(c) How many moles of CaO(s) are produced? 
(d) Calculate X, for this reaction at 750°C, 


For exercises 12-14, consider the exothermic reaction 
2NO(g) + O(g) 2 2NO.(g) 
A study of this system at 25°C found the ‘equilibrium concentrations to be 
[NO] = 1.0 X 10° mol/L 
[O] = 1.0 X 10% mol/L 
[NO] = 1.3 mol/L 
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12. Calculate K at 25°C. es, 
13. Calculate K, at 25°C. i 


AS 


(a) Increase the temperature. 

(b) Decrease the pressure by increasing the vohime. 
(c) Increase the pressure by adding Ne(g). Y 
(d) Add 1.0 mol of O2{g). 


15. A 10.0 L flask contains 1.0 mol of PCis(g), 0.30 mol of PCls(g), and 0.80 
mol of Cl(g) at equilibrium. Calculate K for the reaction 


` PCis(e) 2 PCh(g) + Ch(g) 


16. Consider the reaction 


Í 
| . 14. Predict the effect on the equilibrium position of the following stresses: 
| 
f 


2NH;(g) Y No(g) + 3H2(g) 


ata temperature where X = 3.0 X 10°. In an experiment, 1.0 x 107 mol 

Ns, 1.0 X 107? mol H2, and 1.0 mol N? are mixed in a 5.0 L vessel. 

(a) Is this system at equilibrium? 

(b) If not, in which direction must the system shift to reach equilibrium? 

(c) Define the change needed to reach equilibrium in terms of x. 

(d) Represent the equilibrium concentrations in terms of the initial 
concentrations and x. 


17. N¿04(g) decomposes to NOz(g) according to the following equation: 
N204(8) 2 2NO2(g) 


Pure N2O4(g) was placed in a closed flask at 127°C at a Pressure of 4,38 
10” atm. After the system reached equilibrium, the total pressure wa: 
found to be 7.43 X 10°” atm. Calculate the value of K, for this reaction. 


Verbalizing General Concepts 
Answer the following in your own words. 


18. What is chemical equilibrium? 


19. How does an equilibrium position differ from an equilibrium constant? 


20. What is the reaction quotient and how is it used? 


21. What is Le Chatelier’s Principle? 


22. Using Le Chätelier’s Principle, state how a change in volume of the 
reaction vessel of a system at equilibrium affects the equilibrium position. 


23. The addition of an inert gas to a system at equilibrium has no effect. 
Explain. 


Multiple Choice Questions 


Questions 24-28 deal with the following equilibrium: 
PCis(g) 2 PCh(g) + Ch(g) AH = 125 kJ 


6.0 mol of PCIs(g) are placed in an empty 10.0 L reaction vessel at 230°C and the 
reaction is allowed to come to equilibrium. When equilibrium is reached, an analysis 
of the mixture indicates that 1.0 mol of Clo(g) is present. 


24. How many moles of PCls(g) are present at equilibrium? ean 
(a) 0.0 mol (b) 1.0 mol S 
(c) 5.0 mol (d) 5.6 mol 


(e) 6.0 mol 


25. 


26. 


27. 


28. 


29 


30. 


31. 
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What is the molar concentration of Ch(g) at equilibrium? 
(a) 0.1 mol/L . (b) 0.2 mol/L 

(c) 0.5 mol/L o ` (d) 1.0 mol/L 

(e) 2.0 mol/L 


The value of the equilibrium constant, K, is 


0.1X0.1 Ñ = 1 
(a) a 0): -— = 
1x1 
ee OTT 
0.5 
STEIN 


The numerical value of the equilibrium constant, K, for this reaction may 

be expected to 

(a) Increase as temperature is increased to 250%C and pressure is held 
constant, 

(b) Increase as pressure is increased and temperature is held constant, 

(c) Increase if some additional Cl, is injected, temperature and pressure 
being held constant. 

(d) Remain unchanged no matter how domlitibas are altered, 


Which of the following would surely increase the amount of PCh(g) 
present at equilibrium? 

(a) Decrease the volume at constant temperature. 

(b) Inject some Ch(g) into the system at equilibrium. 

(c) Decrease the temperature at constant pressure. 

(d) Remove some PCls(g) from the system at equilibrium. 

(e) Inject some PCls(g) into the system at equilibrium. 


Calculate the equilibrium constant, K, for the following reaction: 
2NOBr(g) 2 2NO(g) + Bra(g) 


given that a 1.0 L vessel was initially filled with 4.0 atm of pure NOBr, 
and after equilibrium was established, the partial pressure of NOBr gas 
was 2.5 atm. 

(a) 0.45 (b) 0.27 

(c) 0.18 (a) 0.75 

{e) None of these 


After equilibrium has been attained in the reaction system in question 29, 
decreasing the total pressure (by increasing the volume) will result in 

(a) An increase in the equilibrium constant. 

(b) A decrease in the equilibrium constant. 

(c) A shift of the equilibrium position to the right. 

(d) A shift of the equilibrium position to the left. 

(e) None of these. 


In the reaction 
1000 K 


C(s) + COn(g) 2C0(g) 


if one mole of solid carbon is added to the system at equilibrium, the result 
when equilibrium is reattained will be 

(a) To increase the quantity of CO by 2 mol. 

(b) To decrease the quantity of CO by 2 mol. 

(c) No change. 

(d) None of these. 
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For questions 32-35, consider the reaction 


Fe,03(s) + 3Ha(g) 2 2Fe(s) +30) AR = ISk] a 
No 
32. The equilibrium expression is 
[Fe O] : Es 
i (a) K= “== + b) K = =y 
@ [Fe.Os [Eo]? (>) fay 
3 
() K= mo (d) None of these 


[Ha]? 


f 33. The equilibrium concentrations under certain conditions were found to be 
[H0] = 1.0 mol/L 
[H2] = 2.5 mol/L 
Calculate K. 


(a) 0.40 (b) 0.064 
(c) 15.6 (d) Insufficient information to cal- 
culate 
‘34, Kp is 
(a) Less than K (b) Greater than K | 
(c) Equal to K (d) Insufficient information to pre- ! 


dict | 
35. Use the following choices: : i 
(a) Shift left (b) Shift right 
(c) No change (d) Not possible to predict 
to indicate the effect of each of the following stresses on the position of /— 
this system at equilibrium: 7 ce j 
(1) Decrease the volume of the container. 
(2) Add Fe20s(s). 
= (3) Remove H20(g). 
(4) Increase the temperature. 


36. For the reaction 


4NHs(g) + 502(2) 2 4NO(g) + 6H20(g) 


APP is negative. The position of this equilibrium would be shifted to the 
left by 

(a) Removing NO(g). 

(b) Adding Ox(8). 

(c) Increasing the pressure by decreasing the volume of the container. 
(d) Decreasing the temperature. 

(e) None of these. 


37. Calculate the equilibrium constant for the following reaction: 


2A(g) 2 BE) + 3C(g) 


given that a 1.0 L vessel was initially filled with 5.0 atm of pure A and 
the partial pressure of gas A was found to be 3.5 atm at equilibrium. 

(a) 1.1 atm? (b) 0.70 atm? 

(© 3.8 atm” (d) 0.48 atm? 

(e) None of these 


38. Increasing the volume of the reaction vessel in question 37 would hav 


what effect? a aan 
(a) Increase the equilibrium constant. í 
(b) Force`the reaction to proceed to the right. 


© 
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(c) Force the product ratio {C]/ [B] to be greater than 3. 
(d) Only (a) and (b) are correct. 
(©) (a), (b), and (c) are correct. 


39. Consider the following equilibrium system: 


SnCh(s) + Ch(g) 2 SnCl()) + 195 kJ 


The position of this equilibrium could be driven to the right by 
(a) Compressing the systera in the reaction chamber, 

(b) Increasing the temperature in the reaction chamber. 

(c) Adding more SnCl.(/} to the reaction mixture. 

(d) Adding more SnCl(s) to the reaction mixture. 

(e) All of the above would drive the reaction farther to the right, 


49. Given the following equation: 
A+B23C+D 


where initial concentrations of A and B-are each equal to 1.2 mol/L with 


no C or D present. At equilibrium, the concentration D is found to be 0.30 
mol/L, Calculate K. 

(a) 0.27 (b) 0.33 

(c) 0.010 (d) 0.030 

(e) None of these 


41. For the gas phase oxidation of CO to CO, by means of Op: 
2CO + 0, 2 2C0» 


the equilibrium constant expression is 


_ [CO]? _  [CO»]? 
OKE [coo OLES [corto 
„_ [C0]?[0:] _ fcoJ]?fo.] 
() K= ce, : (d) K= ICO? 
_ 2, 
©) K= con 


42. Two moles of NHs gas are introduced into a previously evacuated 1.0 L 
container in which it partially dissociates at high temperature; 


2NH3(g) 2 Na(g) + 3H(g) 


At equilibrium, 1.0 mol of NHx(g) remains. What is t 
constant for the above reaction? 

(a). 0.42 (b) 0.75 

(c) 1.5 (d) 1.7 

(e) None of these i 


he equilibrium 


43. Which of the following affects the value of K for gaseous reactions? 
(a) Change in pressure of reactants or products. 
(b) Change in concentration of reactants or products, 
(c) Change in temperature. 
(d) Change of volume of the container, 
(e) None of these. 


For questions 44-43, consider the equilibrium 
B:20(8) + CO(g) 2 Hal) + COn(g) AHP = —40 kJ 
Use the following choices i 


(a) Shift to the right (b) Shift to the left 
(c) No change (a) Not enough information to predict 


] 
| 
| 


a 
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to give the effect of each of the following stresses on the position of the equilibrium 


for this reaction: \ a A 
44. 1.0 mol of H2(g) is added. N 


45. 1.0 mol of CO(g) is removed. 
46. 1.0 mol of He(g) is added. 


' 


Y 


47. The pressure is doubled by halving the volume. 


48. The temperature is decreased. 


49. In which reaction will a decrease in volume at constant temperature favor 
` formation of the products? 
(a) CaCO;(s) 2 CaO(s) + CO:(g) (b) Ha(g) + Ch(g) 2 2HCI(g) 
(©) 2NOß) + Ox(g) 2 2NOx(g) (d) COCKL) 2 COG) + Chla) 


50. Given the equilibrium equation 
i Ao(g) + Ba(g) ZÈ 2AB(g) 
where the equilibrium concentrations in mol/L are 
[Ao] = 0.40 
[Bz] = 0.40 
[AB] = 1.20 
what is the value of the equilibrium constant? ` 
(a) 0.11 (b) 0.13 
(c) 1.8 (d) 9.0 
51. For the equilibrium. system No(g) + 202(g) 2 2NOx(g), where th > 
forward reaction is endothermic, which of the following statements is n 
true? 
(a) A decrease in volume will shift the position of the equilibrium to the 
right. 
(b) An increase in temperature will shift the equilibrium ı to the left. 
(c) The equilibrium expression is K = [NO2]? / [N2][02]? 


(d) A decrease in the concentration of Nz will shift the poston of the 
equilibrium to the left. 


52. For the reaction 2CO(g) + Ox(g) 2 2C04(g), the initial condi 
for CO, O», and CO» are each 0.10 mol/L. K= 4 X 10° at 500°C. To 
establish equilibrium, the system will 


O: 


(a)- Proceed to the right. (b) Proceed to the left. 
(c) Not change. (d) Cannot tell; insufficient informa- 
tion. 


53. The equilibrium constants Kı and Kn for the reactions 
I. No(g) + 3H2(g) 2 2NH3(g) 
1. ¿N(g) +4H(8) 2 NH) 


are related as 


(a) K= Ku 1 
ie b) Ki = —— 
(© Ku=VKi MT 
(e) None of these (d) K= Ba, 
Note: The following exercises require the solution of quadratic equations. ( l 


54. Consider the reaction 


PCh(g) + Ch(g) 2 PCh(g) 


A 


Cx 
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at a temperature where X = 11 L/mol. If 1.0 X 10° mol of Ch(g), 1.26 
X 107 mol PCh(g), and 7.6 X 10° mol of PCis(g) are mixed ina20L 
véssel, calculate the equilibrium concentrations of Ch(g), PCh(g), PCLs(g). 


55. 1.00 mol of N2Oa(g) is placed in a 10.0 L vessel and allowed to reach 
equilibrium. The reaction of interest is 


"N204(g) 2 2N04(g) 
where K = 8.1 X 107 mol/L. Calculate the equilibrium concentrations of 
N204(g) and NO2(g). 
For questions 56 and 57, consider the reaction 
Na(g) + 3H2(g) 2 2NHa(g) 
where Kp = 1.7 X 10° atm” at 600 K. 


56. 0.10 atm of N2 is mixed with 0.50 atm of Hz in a 1.0 L flask at 600 K. 
Calculate the equilibrium pressures of No(g), H2(g), and NHs3(g). 


57. 0.0200 atm of H2(g), 0.0800 atm of N:(g), and 0.100 atm of NHx(g) are 
placed in a 1.00 L flask at 600 K. 
(a) In which direction will the system shift to come to equilibrium? 
(b) Calculate the equilibrium pressures of Na(g), H2(g), and NH;(g). 


For questions 58 and 59, consider the reaction 
Ha(g) + h(g) Z 2HIE) 
at a temperature where K = 38.6. 


58. 1.800 mol of Ha, 1.800 mol of Iz, and 2.600 mol of Hl are mixed in a 2.000 L 
vessel, Calculate the equilibrium concentrations of Ha, kh, and HL 


59. 1.00 mol of I; is added to the system at equilibrium in question 58, 
(a) In which direction does the position of the equilibrium shift? 
(b). Calculate the new equilibrium concentrations. 


60. Consider the equilibrium mixture from question 15. Now 1.00 mol of 
PCls(g) is added to this mixture in the 10.0 L vessel. Calculate the new 
equilibrium concentrations of Ch, PCl;, and PCls. 


61. Consider the reaction 
2H1(g) = Hlg) + L(g) 
at 620°C where K = 1.63 X 10°. In an experiment, 0.600 mol of Ha(2), 


0.300 mol of Li(g), and 0.800 mol of HI(g) are added to a 2.0 L vessel. 
Calculate the equilibrium concentrations of HI, Ho, and kh. 


62. Consider the reaction 
2C10(g) 2 Ch(g) + O2(g) 


at a temperature where K = 6.4 X 10°. In an experiment, 1.00 X 107 mol 

of CIO(g), 1.00 mol of O2{g), and 1.00 X 10? mol of Clg) were mixed 

in a 4.00 L flask. : 

(a) Is the system at equilibrium? 

(b) If not, in which direction must the system proceed to reach 
equilibrium? 

(c) Calculate the concentrations of ClO(g), Cl(g), and Ox(g) at 
equilibrium. 


